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SUMMARY

INTRODUCTION

This program was directed toward assessing the Life Cycle Cost (LCC) of state-
of-the-art diesel-electric cogenerating power plants at Air Force remote
sites. This report assesses the LCC's of present and future diesel
cogenerating plants for use at the Distant Early Warning Line (DEWLine) radar
sites. The LCC consists of the fuel cost, acquisition cost, and the operation
and maintenance cost. These costs were evaluated in constant 1985 dollars
with no escalation or depreciation over a twenty year power plant life. The
electrical size of the individual plants on the DEWLine ranged from 60 to 500
kilowatts (kW). The main emphasis of this study was on the 200 kW size power
plants.

STUDY APPROACH

A set of parameters required in the assessment of each component of the life
cycle cost were defined and presented.

(A) Two types of power plant operations were defined: main sites which
normally required the simultaneous operation of two diesel cogenerating plants
and auxiliary sites which required only one diesel cogenerating plant
operating all the time.

(B) Two case studies using either the actual on-site electricity data
from a main site, or estimated electricity consumption from an auxiliary site
were presented. The space heating and hot water requirements were assumed to
be at a flat, constant level for both cases. For the main site, actual
acquisition costs for a set of five (5) engines in a recent (1985) project
were used. The proposed labor schedule was assumed to be a two (2) man-crew
working 54 hours a week and 52 weeks a year for main sites. The maintenance
cost was projected from the actual FY85 average costs of main DEWLine sites
equipped with older engine-generators. For the auxiliary site, actual (1985)
acquisition costs for a set of 3 engines were used. Projected 0 & M costs
from older engines at 4 DEWLine auxiliary sites with either 150 kW or 175 kW
sets in Alaska and Canada were used to establish the life cycle cost for an
auxiliary site. Life cycle costs of advanced cogenerating diesel-electric
systems were also evaluated based on the projected future improvements on
diesel-electric performance up to a maximum electrical generating efficiency
of 50%.

(C) One more case study with the acquisition cost based on commercially
available prepackaged modules was also presented.
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SECTION 1

COMPONENTS OF THE LIFE CYCLE COST AND
VARIABLES WITHIN EACH COMPONENT

1-1 COSTS

ALL costs are evaluated in constant 1985 dollars with no escalation
or depreciation over a 20 year operating period.

1-2 LIFE CYCLE COST (LCC)

LCC = Acquisition Cost + FueL Cost + Operation & Maintenance (O&M) Costs

1-3 ACQUISITION COST

The acquisition cost consists of the following components and
considerations:

Engine Cost: types, manufacturers, etc.

Heat Exchangers: types, manufacturers, etc.

Engine Module: cost of computer control system, switchgear, wiring,
type of module construction, materials, Labor, etc.

Total Freight: originating point, location of the site, air or sea
lift, etc.

Site Preparation and Installation: location and condition of the
site, man-hours required, labor rates, materials required, etc.

1-4 TOTAL FUEL COST OVER A 20 YEAR OPERATING PERIOD

The fuel cost consists of the following components and considerations:

Unit Cost (S/Gallon): location of the site, heat content, etc.

Cost of Fuel for Generating Electricity: annual kilowatt-hour (kWh)
consumption at the site, electrical efficiency of the diesel
generating system, etc.

Cost of Fuel for Generating Heat: space heating and domestic hot
water loads, monthly kWh consumption profile, amount of waste heat
contained in the engine cooling water and exhaust gas, efficiency of
heat exchangers, etc. The cost of the auxiliary boiler is not
included in the total acquisition cost listed in 1-3.
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1-5 TOTAL 0 & M COSTS OVER A 20 YEAR POWER PLANT LIFE

The 0 6 H cost consists of the following components and considerations:

Total Cost of Lube Oil: location of the site, number of oil
changes, etc.

Total Parts Cost: mean time between failure and established
maintenance schedule, location of the site, etc.

Total Labor Cost: location and type of site

1-6 NUMBER OF ENGINE-GENERATORS

Two scenarios satisfy the power requirements of most of the main and
auxiliary sites.

Main Sites: Five 2GO kW engines; two are operating all the time,
two on hot stand-by, and one on scheduled maintenance.

Auxiliary Sites: Three 200 kW engines; one operating all the time,
one on hot stand-by, and one on scheduled maintenance.

1-7 ENGINE-GENERATOR SYSTEM PERFORMANCE, 1985 AND 1990

1985 Base Year:

DFA is assumed, at 133,500 Btu/Gal.

A 60-70% average diesel engine load is assumed.

A performance of 14 kWh/Gal is assumed, corresponding to a
generating efficiency of 35.8%, which has been demonstrated in newer
engine-generator systems.
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SECTION 2

CASE STUDIES

The Life cycle cost of cogenerating power plants used to produce electricity
and heat consists of three components. They are (1) fuel cost (the delivered
fuel cost for both the auxitiary boiler and the cogenerator), (2) acquisition
cost, and (3) the operating and maintenance cost.

The acquisition cost is represented by the following items:

Total cost for engine-generators, heat exchangers, silencers, pumps, etc.
Engine module (including switchgear, computer controls, etc.)
Freight (sealift or airlift)
Site preparation and installation

The cost of delivered arctic diesel fuel (DFA) fuel is assumed to be $2.02
per gallon (excluding CAM-4, CAM-5, DYE-2, and DYE-3) and has a higher heating
value of approximately 133,500 Btu per gallon.

Operating cost data from 26 sites (6 main and 21 auxiliary sites in Alaska and
Canada) were examined and analyzed. The four sites in Greenland (DYE 1, DYE 2,
DYE 3 and DYE 4) were not included in the study.

The operating and maintenance costs consists of lube oil, parts, and labor
cost. The cost of delivered lube oil is approximately $4.48 per gallon for
most of the 26 sites. Since it is difficult to acquire the actual cost for
parts in a life span of 20 years, an alternative method is developed to
estimate the oil and part costs. It is assumed that the engine-generator
sets (ranging from 60 kW to 500 kW, and from less than one year old to more
than 30 years old) were at various stages of the maintenance cycle during FY
85. The average lube oil and parts cost of the four main sites is,
approximately, 1.5 cents/kWh. With the new 1985 Cummins 200 kW engine-
generator sets, it is assumed that the average cost of oil and parts should
be less than 1.5 cents/kWh.

Four auxiliary sites (LIZ 2, LIZ 3, POW 1, and POW 2, all located in Alaska)
are equipped with either 150 kW or 175 kW diesel-generators which is close to
the 200 kW size selected for this study. The average FY 85 cost of Lube oil
and parts for these sites was approximately 1.25 cents/kWh. The average 0 & M
costs for the same four sites was established at 2.34 cents/kWh. With the
new 200 kW Cummins diesel-generator system (with some advantages from economy
of size), it is assumed that both lube oil, parts and labor cost will be
somewhat lower than the actual FY 85 cost data previously described.
Therefore, a lower figure of 1.5 cents/kWh (versus 2.34 cents/kWh) in average
0 & M costs is assumed for those auxiliary sites equipped with new 200 kW
diesel-generator systems.

The Labor cost associated with the operation of a main site is regulated by
Air Force regulations. Four operators are required, each working 54 hours a
week, 52 weeks a year. The labor rates in FY85 were established at $41 an
hour for sites Located in Alaska (including overtime pay), and $28.75 an hour
for sites in Canada. With the new 200 KW Cummins replacement diesel-electric
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modules currently being installed in various sites, the contractor proposed to
operate with a 2-man crew by taking advantage of the modern computer control
equipment. Assuming a 2-man crew, the Life cycle labor cost is estimated at
$4,605,000 for Alaskan operation, and $3,229,000 for Canadian operation.

2-1 MAIN SITE IN CANADA (CAM-MAIN), USING 1985 TECHNOLOGY AND COSTS

(A) Acquisition Cost (five new 1985 Cummins 200 kW units):

Total cost for engine, heat exchangers, modules
(including switchgear, computer controls, etc.): $1,160,000
Freight (sealift): $ 60,000
Site preparation and installation: $ 230,000

Total acquisition cost: $1,450,000

(B) CAM-MAIN FY85 operation: 2,241,120 kWh (with five 150 kW units)
Projected for 20 years: 44,822,400 kWh

(C) Estimated lube oil and parts costs: $672,000 at 1.5 cents/kWh

(D) Estimated fuel cost based on $2.02/Gallon and 14 kWh/Gallon
demonstrated by the performance of relatively new engine-generator
systems: 3,201,600 gallons, and $6,467,000 for 20 years of
operation

(E) Summary:

Acquisition Cost: S 1,450,000 ( 12%) 3.2 cents/kWh
O&M Costs: S 672,000 ( 6%) 1.5 cents/kWh
Labor Costs: S 3,229,000 ( 27%) 7.2 cents/kWh
FueL Cost: $ 6,467,000 ( 55%) 14.4 cents/kWh

Life Cycle Cost: $11,818,000 (100%) 26.3 cents/kWh

(F) Remarks: The higher labor cost in Alaska would raise the life cycle
to $13,194,000, or 29.4 cents/kWh in average electricity cost.

2-2 MAIN SITE IN CANADA (CAM-MAIN) AT VARIOUS GENERATING EFFICIENCIES
UP TO A MAXIMUM OF 50%

It is assumed that the available waste heat from engine exhaust gas and

cooling water is more than what is actualLy required for space heating and
domestic hot water needs. The auxiliary boilers were never operated in FY85
in 29 of the 31 sites. As a matter of fact, considerations have been given to
provide space heating for outer buildings (warehouse and garage) with the
surplus waste heat. Therefore, it is assumed that the space heating and hot
water requirements of these remote sites are likely at 80 to 90% of the
available waste heat. The available waste heat is defined as the balance of
80% and system generating efficiency. For example, at a system generating
efficiency of 35.8% (corresponding to 14 kWh per gallon of DFA), the available
waste heat is estimated at 44.2% of the higher heating value of the DFA fuel.

4
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The remaining 20% is assumed to be lost through exhaust gas, cooling water,
and the inefficiency of heat exchanger and other components. In case that the
available waste heat is insufficient to meet the requirement, the auxiliary
boiler would have to be operated.

(A) Assumptions:

The actual space heating and hot water requirements are a flat, constant
708 million Btu's per month or an overalL thermal/electric ratio of 1.11.

A boiler efficiency of 80%.

Same acquisition cost for the more advanced diesel-generator systems
(using advanced technology and computer controLs) for easy comparisons.

Engine generating efficiency of 35.8% (1985), 40% (15.6 kWh/Gal), 45%
(17.6 kWh/Gal), and 50% (19.6 kWh/Gal).

Acquisition cost = $1,450,000. Lube oil & parts cost = $672,000.
Labor cost = $3,229,000. Delivered fuel cost: $2.02 per gallon.

ALL Figures in 1,000 Engine-Generator Efficiency
35.8% 40% 45% 50%

14kWh/Gal 15.6kWh/Gal 17.6kWh/Gal 19.6 kWh/Gal

Engine FueL (Gallons) 3,202 2,865 2,546 2,292
Engine Fuel Cost $ 6,467 $ 5,787 $ 5,144 $ 4,630

Boiler Fuel (Gallons) 0 161 480 734
Boiler fuel Cost $ 0 $ 326 $ 969 $ 1,483
Total Fuel Cost $ 6,467 $ 6,113 S 6,113 $ 6,113

Summary:

01

Acquisition Cost $ 1,450(12%) $ 1,450(13%) $ 1,450 $ 1,450
Lube Oil & Parts Cost $ 672( 6%) $ 672( 6%) $ 672 $ 672
Labor Cost $ 3,229(27%) S 3,229(28%) S 3,229 $ 3,229
Total Fuel Cost $ 6,467(55%) S 6,113(53%) $ 6,113 $ 6,113

Life Cycle Cost (LCC) $11,818 $11,464 $11,464 $11,464

As can be seen, the life cycle cost is almost independent of the diesel-
electric electrical efficiency based on the assumptions made. The higher the
engine-generator efficiency, the less the available waste heat for space
heating. Therefore, the total amount of fuel required for providing both
electricity and space heating services remains about the same when the engine-
generator efficiency is greater than 40%. The unit cost of electricity
generated is summarized as follows:

5
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System Performance: 14 kWh/Gallon 15.6+ kWh/Gallon

Acquisition Cost: 3.2 cents/kWh 3.2 cents/kWh
0 & M Costs: 1.5 cents/kWh 1.5 cents/kWh
Labor Cost: 7.2 cents/kWh 7.2 cents/kWh
Total Fuel Cost: 14.4 cents/kWh 13.6 cents/kWh

Life Cycle Cost: 26.3 cents/kWh 25.5 cents/kWh

2-3 AUXILIARY SITE IN ALASKA (POW-2) USING 1985 TECHNOLOGY AND COST FIGURES

(A) Acquisition Cost (based on three new 1985 Cummins 200 kW units):

Total cost for three engine-generators, heat exchangers, and modules
(including switchgear, computer controls, etc.): $690,000
Freight (sealift): $ 60,000
Site preparation and installation: $170,000

Total acquisition cost: $920,000

(B) FY 85 operation: 1,120,623 kWh (with three 175 kW units)

Projected for 20 years: 22,412,460 kWh

(C) Estimated 0 & M costs: at 1.5 cent/kWh or $336,000

(D) Estimated fuel cost based on $2.02/GalLon and 14 kWh/Gallon
demonstrated by the performance of relatively new engine-generator
systems:

1,600,890 galLons or $3,234,000 for 20 years of operation

(E) Summary:

Acquisition Cost: $ 920,000 ( 20%) 4.1 cents/kWh
0 & M Costs: $ 336,000 ( 8%) 1.5 cents/kWh
Fuel Cost: $3,234,000 ( 72%) 14.4 cents/kWh

Total Cost: $4,490,000 (100%) 20.0 cents/kWh

2-4 AUXILIARY SITE IN ALASKA (POW-2) AT VARIOUS GENERATING EFFICIENCIES UP
TO A MAXIMUM OF 50%

It is assumed that the heating and hot water required for an auxiliary site is
about 354 million BTU's per month. The other assumptions related to the main
plants are also applicable to the auxiliary sites.

Acquisition cost = $920,000. 0 & M cost = $336,000.
Delivered fuel cost: $2.02 per gallon.

6
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ALL Figures in 1,000 Engine-Generator Efficiency
35.81 40% 45% 50%

14kWh/6aL 15.6kWh/GaL 17.6kWh/GaL 19.6 kWh/GaL

Engine Fuel (Gallons) 1,601 1,432 1,273 1,146
Engine Fuel Cost $ 3,234 S 2,893 S 2,572 S 2,315

Boiler Fuel (Gallons) 0 80 239 366
Boiler fuel Cost $ 0 S 162 S 483 S 740

Total Fuel Cost 5 3,234 S 3,055 S 3,055 S 3,055

Summary:

Acquisition Cost S 920(20%) S 920(21%) S 920 S 920
0 & M Costs S 336(8%) S 336(8%) S 336 S 336
Total Fuel Cost S 3,234(72%) S 3,055(711) S 3,055 S 3,055

Life Cycle Cost (LCC) S 4,490 S 4,311 S 4,311 S 4,311

As can be seen, the Life cycle cost is almost independent of the engine-
generator system efficiency based on the assumptions made.

The unit cost of electricity generated is summarized as follows:

System Performance: 14 kWh/Gallon 15.6+ kWh/Gallon

Acquisition Cost: 4.1 cents/kWh 4.1 cents/kWh
0 & M Costs: 1.5 cents/kWh 1.5 cents/kWh
Total Fuel Cost: 14.4 cents/kWh 13.6 cents/kWh

Life Cycle Cost: 20.0 cents/kWh 19.2 cents/kWh

2-5 AUXILIARY SITES USING ACQUISITION COST BASED ON COMMERCIALLY AVAILABLE
OFF-THE-SHELF MODULES AT VARIOUS GENERATING EFFICIENCIES UP TO A MAXIMUM
OF 501

(A) Acquisition cost is based on $600/kW (as estimated by the author)
for the modules.

Total cost for three engine-generators, heat exchangers, and modules
(including switchgear, computer controls, etc.): $360,000

Freight (sealift): $60,000

Site preparation and installation: $170,000

Total acquisition cost (about $983 per kW): $590,000

(B) kWh generated over a period of 20 years: 22,412,460 kWh

7
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(C) Estimated 0 & N costs at a ceiling of 1.5 cent/kWh: $336,000

(0) Estimated fuel cost based on 14 kWh/Gallon: $3,234,000
for 20 years of operation

All Figures in 1,000 Engine-Generator Efficiency
35.8% 40% 45% 50%

14kWh/gal 15.6kWh/gaL 17.6kWh/gal 19.6 kWh/gal

Engine Fuel (Gallons) 1,601 1,432 1,273 1,146
Engine Fuel Cost S 3,234 $ 2,893 S 2,572 S 2,315

BoiLer FueL (Gallons) 0 80 239 366

Boiler fuel Cost S 0 S 162 $ 483 $ 740

Total Fuel Cost S 3,234 S 3,055 S 3,055 S 3,055

Summary:

Acquisition Cost S 590(14%) S 590(15%) S 590 $ 590
0 & M Costs $ 336(81) S 336(8%) S 336 $ 336
Total Fuel Cost S 3,234(781) S 3,055(77%) S 3,055 S 3,055

Life Cycle Cost (LCC) S 4,160 S 3,981 S 3,981 S 3,981

As can be seen, the Life cycle cost is almost independent of the engine-
generator system efficiency based on the assumptions made.

The unit cost of electricity generated is summarized as follows:

System Performance: 14 kWh/Gallon 15.6+ kWh/Gallon

Acquisition Cost: 2.6 cents/kWh 2.6 cents/kWh
0 & M Costs: 1.5 cents/kWh 1.5 cents/kWh
Total Fuel Cost: 14.4 cents/kWh 13.6 cents/kWh

Life Cycle Cost: 18.5 cents/kWh 17.7 cents/kWh

8 .71
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SECTION 3

INTERPRETATION OF THE CASE STUDIES

3-1 The freight and installation costs are relatively insignificant,
on the order of 2.5% of the Life Cycle Cost for main sites, and 6% of
the Life Cycle Cost for auxiliary sites.

3-2 The total fuel cost (engine and auxiliary boiler) is the dominant factor
in the Life Cycle Cost. It varies from approximately one-half of the
Life Cycle Cost in main sites, to approximately 80% of the Life Cycle
Cost in auxiliary sites.

3-3 The Labor cost is quite significant in main sites (at about 27-28% of the
LCC, second only to the total fuel cost) due to Air Force regulations on
manning.

3-4 The labor cost is relatively insignificant in auxiliary sites. The O&M
cost (including lube oil, parts and labor) is approximately 1.5
cents/kWh.

3-5 The Lube oil and parts cost is estimated at 1.5 cents/kWh or Less for
main sites.

3-6 The total acquisition cost can be reduced by acquiring commercially
available prepackaged units instead of specially assembled modules
if they can satisfy the harsh requirements for arctic operations and the
unique power plant control requirements. The present criterion for
DEWLine operation specifies to withstand minus 60 OF temperature and 170
mph winds. However, if the power plant is to be housed inside a
protective shed, as in many of the sites at the present time, the
commercially available prepackaged units should be able to perform
satisfactorily. One more concern is raised on whether the commercially
available computer control system can function in all of the areas to
match the performance of the specially packaged Cummins system. If the
commercial package can meet the control specification, then special
packaging costs are not incurred and the acquisition cost will be
lower. Based on discussions with representatives of several companies
at the 8th World Energy Engineering Conference (October 1985 at
Atlanta), the unit acquisition cost will probably be less than
$1,000/kW as compared to S1,500/kW described in the previous section.
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SECTION 4

RECOMMENDATIONS ON POTENTIAL FUTURE RESEARCH WORK
BASED ON THE FINDINGS CONTAINED IN THIS REPORT

4-1 Actual monthly space heating, hot water, and electricity profile of
several sites (Alaskan Air Command and DEWLine sites) should be
solicited. The procedures outlined in Section 2 can be used to develop
several actual case studies.

4-2 Case study of several other sites in temperate and hot climate regions
can be developed.

4-3 Based on findings from those case studies, a generalized study can be
developed to study the impact of the ratio of the thermal/electric energy
needed at a site on the Life cycle cost.

4-4 Investigate, for cost-effectiveness, how to reduce the acquisition cost
through acquiring commercially availabLe prepackaged engine-
generator modules.

1

P

p
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REFERENCES

5-1 LOCATION MAP OF DEWLINE SITES LAYOUT

5-2 FY85 DEWLINE POWER PLANT OPERATING COSTS STATISTICS

5-3 ESTIMATED MONTHLY KWH USAGE AND OTHER OPERATING STATISTICS OF SIX DEWLINE
AUXILIARY POWER PLANTS: LIZ 2, POW 2, BAR 4, PIN 4, CAM 5 AND FOX 4
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